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(57)  Ina monolithic inductor wherein coil conductor
sections (6-10) of at least one turn are formed at certain
respective heights, and a plurality of coil conductor sec- FIG. 1
tions are electrically connected via a via-hole electrode,

a structure that can increase the inductance-obtaining

efficiency is provided. The monolithic inductor compris- 15
es coil conducting sections (6-10) of at least one turn at 6b
respective certain heights of the sintered ceramic body
(17) formed of magnetic ceramics, wherein a coil is
formed by electrically connecting a plurality of coil con-
ductor sections (6-10) via respective via-hole electrodes
(11-13), and the terminal end (6b) of the upper coil con-
ductor section (6) and the beginning end (7a) of the low-
er coil conductor section (7) are bent inwardly of the coil
when viewed from the top so that the inner connecting
portion of the coil where the upper and lower coil con-
ductor sections (6,7) are electrically connected via the
via-hole electrode (11) is situated within the coil com-
posed of the upper and lower coil conductor sections

(6.7).
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Description
BACKGROUND OF THE INVENTION
1. Field of the invention

[0001] The present invention relates to a monolithic
inductor used as, for example, an inductor or coil and,
more specifically, the present invention relates to a mon-
olithic inductor having a greatly improved connecting
structure between coil conductors in a sintered ceramic
body.

2. Description of the Related Art

[0002] Various monolithic inductors having a coil con-
ductor embedded in magnetic ceramics are known (See
for example, Japanese Patent No. 2655657, Japanese
Unexamined Patent Application Publication No.
62-189707, Japanese Unexamined Patent Application
Publication No. 59-152605).

[0003] Such a conventional monolithic inductor is
manufactured by printing a conductor pattern on a ce-
ramic green sheet which is composed almost exclusive-
ly of magnetic ceramics, laminating a plurality of such
ceramic green sheets, and sintering the ceramic green
sheets as a unit to obtain a sintered ceramic body,
whereby a plurality of conductor patterns printed on a
plurality of ceramic green sheets are connected through
via-hole electrodes so that a coil is constructed in a sin-
tered ceramic body.

[0004] Figs. 6 to 9 are explanatory schematic plan
views of the above described conductor patternin a con-
ventional monolithic inductor. While there are shown on-
ly the coil conductor sections in Figs. 6 to 9, each cail
conductor section is printed on a respective ceramic
green sheet by screen printing or other suitable process.
[0005] In a structure shown in Fig. 6, several 3/4-turn
coil conductor sections 51-53 are electrically connected
via electrodes 54 and 55. Each coil conductor section
511053 is printed on the respective ceramic green sheet
and has a length equivalent to 3/4-turn of the coil to be
formed. In other words, when viewed from the top, the
coil conductor sections appear to be a coil having a rec-
tangular shape, however the coil conductor sections
51-53 each constituting a 3/4-turn of the rectangular coil
are printed on respective ceramic green sheets.
[0006] In a structure shown in Fig. 7, the coil conduc-
tor sections 56-58 are connected through via-hole elec-
trodes 59 and 60. Each of the coil conductor sections
56-58 constitutes a turn of a rectangular coil. In fact, the
coil conductor section 58 is substantially identical to coil
conductor section 56 and the final monolithic inductor is
formed by alternately and repeatedly laminating the coil
conductor sections 56, 57.

[0007] In a structure shown in Fig. 8, the coil conduc-
tor sections 61 and 62 are electrically connected
through a via-hole electrode 63. Each of the coil con-
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ductor sections 61 and 62 constitutes 2 turns of a coil
composed of these coil conductors.

[0008] In a structure shown in Fig. 9, the coil conduc-
tor sections 64, 65 are connected through a via-hole
electrode 66. Each of the coil conductor sections 64 and
65 constitutes 2.25 turns of a coil composed of these
coil conductors.

[0009] Inthe coil conductor sections 64 and 65 shown
in Fig. 9, by increasing the number of turns of the coll
conductor section printed on the respective green sheet,
miniaturization of the monolithic inductor may be real-
ized.

[0010] As described above, by increasing the number
of turns of each coil conductor section to be printed on
each ceramic green sheet, miniaturization of a mono-
lithic inductor may be achieved. However, there is a rec-
ognized disadvantage that if a coil conductor section of
more than one turn is formed on a ceramic green sheet
as in the structures shown in Figs. 7 to 9, even if the
number of turns is increased, a large inductance corre-
sponding to the increased turns cannot be obtained.
This will be explained referring to Fig. 10 and Fig. 11.
[0011] Below, the relative terms «upper» and «lower»
will be used, as well as the expression «vertical posi-
tiony. It is to be understood that these expressions refer
to the respective items when the monolithic inductor is
oriented as shown in the figures annexed hereto.
[0012] Fig. 10Ais a cross-sectional view, taken along
the line A-Ain Fig. 7, illustrating a portion of a monolithic
inductor having coil conductor sections 56, 57 of Fig. 7
alternately and repeatedly laminated therein. In the
monolithic inductor 71, upper and lower coil conductor
sections, that is, the coil conductor section 56 and the
coil inductor section 57, for example, are arranged in
such a manner that the upper and lower coil conductor
sections 56 and 57 overlap one on another in the direc-
tion of thickness via a ceramic layer on the side opposed
to the side where the via-hole electrodes are provided.
However, in the vicinity of the portion where the via-hole
59 is provided, in other words, in the vicinity of the ex-
tremity 56a of the coil conductor section 56 and the ex-
tremity 57a of the coil conductor section 57, as will be
apparent from Fig. 10A and Fig. 7, the upper and lower
coil conductor sections 56 and 57 do not overlap one
another in the direction of thickness.

[0013] Likewise, Fig. 10B is a cross-sectional view,
taken along the line B-B of Fig. 8, illustrating a monolithic
inductor having coil conductor sections 61 and 62 of Fig.
8repeatedly and alternately laminated therein. In this
case as well, in the vicinity of the extremity 61a of the
coil conductor section 61 and in the vicinity of the ex-
tremity 62a of the coil conductor section 62, the upper
and lower coil conductor sections 61 and 62 do not over-
lap one another in the direction of thickness and are not
aligned.

[0014] Figs. 11A and 11 B are cross-sectional views
illustrating the monolithic inductor using the coil conduc-
tor sections 64 and 65 of Fig. 9, taken along the lines C-
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C and D-D of Fig. 9, respectively. When the coil conduc-
tor sections 64 and 65 of 2.25 turns are laminated alter-
nately, non-alignment portions between the upper and
lower coil conductor sections 64 and 65 are present in
the vicinity of the extremity 64a of the coil conductor sec-
tion 64 and in the vicinity of the beginning end 65a of
the coil conductor section 65. Incidentally, although the
coil conductor sections 64 and 65 are alternately and
repeatedly laminated in this monolithic inductor, the third
and fourth laminated coil conductor sections are ar-
ranged in rotational symmetry in relation to the first and
second laminated coil conductor sections.

[0015] In other words, while the upper and lower coil
conductor sections 51-53 can be overlapped precisely
on one another in the case of coil conductor sections 51
to 53 of 3/4-turn shown in Fig. 6, when the number of
turnsis increased there is a portion where the upper and
lower coil conductor do not align in the direction of thick-
ness. When there is formed a portion where the upper
and lower coil conductor sections are not aligned via a
ceramic layer in the direction of thickness, the magnetic
path in that portion is hindered, thus lowering the effi-
ciency of inductance which is obtained by the inductor
component. Since the coil conductor sections shown in
Fig. 6 are 3/4-turn sections, when these coil conductor
sections are laminated, the distances between the coil
conductor sections in the direction of lamination be-
comes wider in some portions. As a result, deterioration
of the characteristics associated with the leakage of
magnetic flux occurs.

SUMMARY OF THE INVENTION

[0016] In order to overcome the problems described
above preferred embodiments of the present invention
provide a monolithic inductor wherein the formation of
portions where the upper and lower coil conductor sec-
tions do not overlap on one another is reduced even
when the number of turns of a coil conductor section
provided on a ceramic green sheet is selected to be 1
or more to achieve miniaturization, and thereby a large
inductance is obtained.

[0017] According to one preferred embodiment of the
presentinvention, a monolithic inductor comprises a sin-
tered ceramic body, and a plurality of coil conductor sec-
tions in which each coil conductor is wound by at least
one turn, wherein the plurality of the coil conductor sec-
tions are located at respective vertical positions in the
sintered ceramic body, and the upper and lower conduc-
tor sections are electrically connected through via-hole
electrodes to define a coil, a terminal end of the upper
coil conductor section and a beginning end of the lower
coil conductor section are bent inwardly from the inner-
most portion of the coil such that a connecting portion
of the coil where the upper and lower coil conductor sec-
tions are electrically connected through a via-hole elec-
trode is located within the innermost portion of the coil
defined by the upper and lower coil conductor sections.
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[0018] According to at least one preferred embodi-
ment of the present invention, the coil is preferably a
substantially rectangular coil in a plan view, and the ter-
minal end of the upper coil conductor section and the
beginning end of the lower coil conductor sections are
respectively bent in a direction that is substantially per-
pendicular to the innermost substantially rectangular
coil portion.

[0019] According to another preferred embodiment of
the present invention, in the outer connecting portion of
the coil where the upper and lower coil conductor sec-
tions are electrically connected, a terminal end of anoth-
er upper coil conductor section and a beginning end of
another lower coil conductor section are electrically con-
nected through a via-hole electrode in the outermost
portion of the coil.

[0020] According to further preferred embodiment of
the present invention, the sintered ceramic is an inte-
grally sintered ceramic body which is formed preferably
by laminating and sintering a plurality of ceramic green
sheets each having a coil conductor section of at least
one turn printed thereon.

[0021] Other characteristics, features, elements and
advantages of the present invention will become appar-
ent from the following detailed description of the pre-
ferred embodiments thereof, given by way of example,
with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0022]

Fig. 1 is an explanatory exploded perspective view
illustrating a manufacturing method and a structure
of a monolithic inductor according to the first pre-
ferred embodiment of the present invention;

Fig. 2 is a perspective view illustrating the appear-
ance of the monolithic inductor according to the first
preferred embodiment of the present invention;
Fig. 3A is a plan view in schematic form illustrating
the relationship between the connecting portions of
the upper and the lower coil conductor sections and
the coil in the monolithic inductor of the first pre-
ferred embodiment of the present invention, and
Fig. 3B is a cross-sectional view taken along line E-
E of Fig. | and Fig. 2 of the monolithic inductor of
the first preferred embodiment of the present inven-
tion;

Fig. 4 is an explanatory exploded perspective view
illustrating a manufacturing method and a structure
of a monolithic inductor according to the second
preferred embodiment of the present invention.
Fig. 5 is a cross-sectional view taken along line F-
F of Fig. 4 illustrating the second preferred embod-
iment;

Fig. 6 is an explanatory plan view in a schematic
form illustrating the first example of the convention-
al monolithic inductor;
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Fig. 7 is an explanatory plan view in a schematic
form illustrating the second example of the conven-
tional monolithic inductor;

Fig. 8 is an explanatory plan view in a schematic
formillustrating the third example of the convention-
al monolithic inductor;

Fig. 9 is an explanatory plan view in a schematic
form illustrating the fourth example of the conven-
tional monolithic inductor;

Figs. 10A and 10B are cross-sectional views illus-
trating monolithic inductors having the coil conduc-
tor sections shown in Fig. 7 and Fig. 8, respectively;
and

Figs. 11A and 11B are cross-sectional views illus-
trating monolithic inductors having the coil conduc-
tor sections shown in Fig. 8 and Fig. 9, respectively.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0023] Referring now to various preferred embodi-
ments of the present invention, the present invention will
be described in detail. Fig. 1 is an explanatory exploded
perspective view illustrating a manufacturing method
and an internal structure of a monolithic inductor accord-
ing to the first preferred embodiment of the present in-
vention, and Fig. 2 is a perspective view illustrating the
appearance thereof.

[0024] In order to obtain the monolithic inductor of this
preferred embodiment, as a first step, ceramic slurry
made mainly of magnetic ceramic such as ferrite or oth-
er suitable material is molded into sheets to obtain pref-
erably substantially rectangular ceramic green sheets.
[0025] As anextstep, coil conductor sections 6-10 are
provided on the green sheets 1-5 prepared in the previ-
ous step. The coil conductor sections 6-10 are prefera-
bly produced by screen printing of conductive paste but
may be produced by other suitable methods. For exam-
ple, the coil conductor sections 6-10 may be formed by
a thin film forming method such as a deposition process.
[0026] On the green sheets 1-4, via-hole electrodes
11-14 are arranged to electrically connect the upper and
the lower coil conductor sections. The via-hole elec-
trodes 11-14 are provided by forming through holes on
the ceramic green sheets 1-4 and filling conductive
paste in the through holes. The via-hole electrodes
11-14 may be defined by applying a conductive material
into the through hole by other methods.

[0027] In this preferred embodiment, the coil conduc-
tor sections 6-10 are electrically connected through the
via-hole electrodes 11-14 and a coil having a substan-
tially rectangular form in a plan view is provided. In Fig.
1, though the portion between the coil conductor section
8 and the coil conductor section 9 is not shown, a coil
conductor of a desired length may be defined by lami-
nating the coil conductor sections 6, 7, and 8 repeatedly.
[0028] The beginning end 6a of the uppermost coil
conductor section 6 extends to the edge 1a of the ce-
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ramic green sheet 1. The terminal end 10a of the low-
ermost coil conductor section 10 extends to the edge 5a
of the ceramic green sheet 5.

[0029] The monolithic body is obtained by laminating
the above described ceramic green sheets 1-10 and
laminating a predetermined number of ceramic green
sheets 15, 16 with no pattern thereon on the upper por-
tion and the lower portion. The sintered ceramic body
17 shown in Fig. 2 is obtained by pressurizing the lam-
inated elements of the monolithic body in the thickness
direction thereof and sintering the monolithic body.
Then, the monolithic inductor 20 of this preferred em-
bodiment is completed by providing the external elec-
trodes 18 and 19 on the opposed end surfaces 17a and
17b.

[0030] The external electrodes 18 and 19 are electri-
cally connected to the beginning end 6a of the coil con-
ductor section 6 described above and the terminal end
10a of the coil conductor section 10. Therefore, the coil
is electrically connected between the external elec-
trodes 18 and 19.

[0031] The monolithic inductor 20 of this preferred
embodiment has a unique connecting structure be-
tween the upper and lower conductor sections. This will
be described by referring to the coil conductor sections
6-8. The coil conductor section 6 defines two turns of
the coil. In other words, the coil conductor section 6 is
constructed such that two turns of a substantially rec-
tangular coil is extended from the beginning end 6a to
the terminal end 6b, and a via-hole electrode 11 is pro-
vided in the vicinity of its terminal end 6b. In this case,
in the coil conductor section 6, the portion in the vicinity
of the terminal end 6b is extended in the direction that
is substantially perpendicular to the portion of the coil
6¢ which is continuously connected to the portion in the
vicinity of the terminal end 6b of the coil conductor sec-
tion 6, and is extended inwardly of the substantially rec-
tangular coil in the plan view.

[0032] On the other side, regarding the coil conductor
section 7, the portion in the vicinity of the beginning end
7ais electrically connected to the via-hole electrode 11.
The portion in the vicinity of the beginning end 7a is ex-
tended inwardly of the portion of the substantially rec-
tangular coil that is continuously connected to the be-
ginning end 7a in the direction that is substantially per-
pendicular thereto.

[0033] Inotherwords, in a plan view of the coil defined
by connecting the coil conductor 6 and the coil conduc-
tor 7 through the via-hole electrode 11, the terminal end
6b of the coil conductor 6 and the beginning end 7a of
the coil conductor 7 are respectively bent inwardly of the
innermost substantially rectangular coil portion in the di-
rection orthogonal thereto. Therefore, the connecting
portion connected via the electrode 11 is located within
the innermost turn of the substantially rectangular coil.
[0034] Thatis to say, as shown in the schematic plan
view of Fig. 3A, in the substantially rectangular coil X
including the coil conductor sections 6 and 7, the termi-
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nal end 6b of the coil conductor section 6 and the be-
ginning end 7a of the coil conductor section 7 are bent
inwardly of the coil portion such that the terminal end 6b
of the upper coil conductor section 6 and the beginning
end 7a of the lower coil conductor section 7 are located
within the coil X.

[0035] In other words, according to the monolithic in-
ductor 20 of the present preferred embodiment since the
terminal end of the upper coil conductor section and the
beginning end of the lower conductor section are re-
spectively bent inwardly of the substantially rectangular
coil at the portion where the upper and the lower coil
conductor sections are connected within the coil, the up-
per and the lower coil conductor sections overlap each
other in the direction of thickness via a ceramic layer, as
shown in a cross-sectional view of Fig. 3B taken along
the line E-E of Fig. 1. Therefore, the portions where the
upper and lower coil inductor sections do not overlap
each other are reduced to a significant extent, and thus,
the efficiency of inductance obtained thereby is greatly
increased.

[0036] At the portion where the upper and lower con-
ductor are electrically connected through a via-hole
electrode on the outer portion of the coil, the terminal
end of the upper coil conductor and the beginning end
of the lower coil conductor are electrically connected
through the via-hole electrode on the coil when viewed
from the top of the coil. For example, the terminal end
7b of the coil conductor section 7 and the beginning end
8a of the coil conductor section 8 are connected through
a via-hole electrode 12 on the coil.

[0037] Fig. 4 is an explanatory exploded perspective
view of the monolithic inductor according to the second
preferred embodiment of the present invention, which
corresponds to Fig. 1 of the first preferred embodiment.
In the monolithic inductor according to the second pre-
ferred embodiment, magnetic green sheets 31-35
formed by molding ceramic slurry of mainly ferrite pow-
der into the shape of sheets are laminated. On the upper
surfaces of the green sheets 31-35, coil conductor sec-
tions 36-40 are provided, respectively. The coil conduc-
tor sections 36-40 are electrically connected to each
other through via-hole electrodes 41-44. Therefore, a
coil conductor includes a coil having a substantially rec-
tangular spiral shape and having coil conductor sections
36-40 electrically connected with each other through
via-hole electrodes 41-44.

[0038] The uppermost coil conductor section 36 ex-
tends to the edge 31a of the green sheet 31, and the
terminal end of the lowermost coil conductor section 40
extends to the edge 35a of the green sheet 35. These
portions extending to the edges of the coil conductor
sections 36, 40 are connected to the external electrodes
provided on the outer surfaces of the sintered ceramic
body as in the first preferred embodiment.

[0039] On the upper and lower sides of the green
sheets 31-35, a predetermined number of magnetic
green sheets 45 and 46 with no pattern thereon are lam-
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inated. In this preferred embodiment as well, the sin-
tered ceramic body is obtained by sintering a monolithic
body defined by laminating the above described green
sheets 31-35 and the green sheets 45 and 46, and pres-
surizing the monolithic body in the direction of the thick-
ness thereof. Then a pair of external electrodes as in
the first preferred embodiment are provided, and the
monolithic inductor is completed.

[0040] In this preferred embodiment, each of the coil
conductor sections 36-39 defines a turn in the substan-
tially rectangular spiral coil. Regarding the coil conduc-
tor sections 36 and 37, the terminal end 36b of the coil
conductor section 36 and the beginning end 37a of the
coil conductor section 37 are bent inwardly from the sub-
stantially rectangular coil portion in a direction that is
substantially perpendicular thereto such that the portion
where the terminal end 36b of the upper coil conductor
section 36 and the beginning end 37a of the lower coil
conductor section 37 are electrically connected through
avia-hole electrode 41 is located inside the substantially
rectangular coil portion defined by the coil conductor
sections 36 and 37.

[0041] While the connection structure between the
coil conductor section 36 and the coil conductor section
37 has been described so far, the connection structure
between the coil conductor sections 38 and 39 is also
preferably the same. A connecting portion in which the
coil conductor sections 37 and 38 are connected
through a via-hole electrode 42 is disposed on the coil
having the substantially rectangular spiral shape.
Therefore, in the monolithic inductor of various preferred
embodiments of the present embodiment, as shown in
Fig. 5 which is taken along the line F-F of Fig. 4, the
upper and lower coil conductor sections overlap one an-
other via ceramic layers in between. As a result, dis-
placement of the upper and lower coil conductor sec-
tions from the properly overlapped position in the portion
where the coil is arranged is reliably prevented. There-
fore, the efficiency of obtaining inductance of the mon-
olithic inductor 51 is also greatly increased effectively
as in the first preferred embodiment.

[0042] In the second preferred embodiment, since
one turn of the coil conductor section is provided on a
green sheet, this turn of the substantially rectangular coil
corresponds to <the innermost substantially rectangular
coil» of the present invention. When the number of turns
arranged on one sheet is more than one as in the first
preferred embodiment, the coil having a substantially
rectangular spiral shape is provided. In that case, the
connecting portion between the upper and lower coil
conductor sections is located within the innermost por-
tion of the substantially rectangular coil.

[0043] While in the first and second preferred embod-
iments, two turns and one turn of coil conductor sections
are provided on one green sheet, respectively, the
number of turns of the coil conductor sections provided
in a sintered ceramic body at a certain vertical position
or height, or provided per green sheet, may be changed
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as long as it is at least one turn.

[0044] Inthe firstand second preferred embodiments,
the terminal end of the upper coil conductor section and
the beginning end of the lower coil conductor section
are bent in the direction that is substantially perpendic-
ular to the coil portion so that the portion electrically con-
necting the upper and the lower coil conductor sections
through a via-hole electrode is located within the inner-
most portion of the coil defined by the upper and the
lower coil conductor sections. However, it may not be
substantially perpendicular necessarily as far as it is lo-
cated within the innermost portion of the coil. Since the
coil itself has a substantially rectangular shape in the
present preferred embodiments, it is more convenient
to form the terminal end of the upper coil conductor sec-
tion and the beginning end of the lower coil conductor
section in the direction that is substantially perpendicu-
lar to the coil in the shape of a substantially rectangular
frame when printing the coil conductor section.

[0045] The sintered ceramic body does not have to
be formed of magnetic ceramics necessarily, and for ex-
ample, insulating ceramics may also be used.

[0046] When viewed from the top of the monolithic in-
ductor according to various preferred embodiments of
the present invention, in the inner side of the substan-
tially rectangular coil, the terminal end of the upper coil
conductor and the beginning end of the lower coil con-
ductor are bent inwardly of the substantially rectangular
coil respectively so that the portion where the upper and
the lower coil conductor sections are electrically con-
nected via a via-hole electrode is located within the coil
defined by the upper and the lower conductor sections.
Therefore, even when the coil conductor section coiled
at least one turn is used in the sintered ceramic body at
a certain vertical position for achieving miniaturization,
the inductance-obtaining efficiency may be increased
effectively and widening of the distance between super-
imposed coil conductor sections may be prevented so
that the deterioration of the characteristic due to the oc-
currence of leakage flux is reliably prevented. There-
fore, a compact monolithic inductor having a large in-
ductance may be reliably provided.

[0047] In various preferred embodiments of the
present invention, when the coil is substantially rectan-
gular in shape, and when the terminal end of the upper
coil conductor section and the beginning end of the low-
er coil conductor section are bent in the direction that is
substantially perpendicular to the portion of the coil con-
nected thereto, the terminal end of the upper coil con-
ductor section and the beginning end of the lower coil
conductor section may be constructed easily by, for ex-
ample, screen printing since the coil is substantially rec-
tangular in shape as a whole.

[0048] In the portion where the upper and the lower
coil conductor sections are electrically connected
through a via-hole at the outer portion of the coil, in the
case where the terminal end of the upper coil conductor
section and the beginning end of the lower coil conduc-
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tor section are electrically connected through a via-hole
electrode on the outermost portion of the coil when
viewed from the top of the coil, the outer connecting por-
tion of the coil between the upper and the lower coil con-
ductor section is located on the coil, and therefore it is
assured that the upper and lower coil conductor sections
are able to be overlapped so that the outer connecting
portions can be situated on one another.

[0049] In the case where a unitary sintered ceramic
body obtained by laminating a plurality of ceramic green
sheets each having a coil conductor section of more
than one turn is used as a sintered ceramic body, the
monolithic inductor according to various preferred em-
bodiments of the present invention may be provided
easily and steadily according to the well known method
for manufacturing monolithic ceramic electronic compo-
nents.

[0050] While preferred embodiments of the invention
have been disclosed, various modes of carrying out the
principles disclosed herein are contemplated as being
within the scope of the following claims. Therefore, it is
understood that the scope of the invention is not to be
limited except as otherwise set forth in the claims.

Claims
1. A monolithic inductor (20) comprising:

a sintered ceramic body (17); and

a plurality of coil conductor sections (6-10) in-
cluding a plurality of coil conductors, each of
which is wound by at least one turn;

wherein the plurality of the coil conductor sec-
tions are located at respective different vertical
positions in said sintered ceramic body, and up-
per (6) and lower (7) conductor sections are
electrically connected through via-hole elec-
trodes (11) to define a coil,

a terminal end (6b) of the upper coil conductor
section (6) and a beginning end (7a) of the low-
er coil conductor section (7) are bent inwardly
from the innermost portion of the coil such that
a connecting portion of the coil where the upper
and lower coil conductor sections are electrical-
ly connected through a via-hole electrode is lo-
cated within the innermost portion of the coil de-
fined by the upper and lower coil conductor sec-
tions.

2. The monolithic inductor (20) as set forth in claim 1,
wherein said coil is a substantially rectangular cail,
and the terminal end (6b) of said upper coil conduc-
tor section (6) and the beginning end (7a) of said
lower coil conductor section (7) are respectively
bentin a direction thatis substantially perpendicular
to the innermost substantially rectangular coil por-
tion.
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The monolithic inductor as set forth in claim 1 or 2,
wherein in the outer connecting portion of the coil
where the upper and lower coil conductor sections
are electrically connected, a terminal end of another
upper coil conductor section and a beginning end
of another lower coil conductor section are electri-
cally connected through a via-hole electrode in the
outermost portion of the coil.

The monolithic inductor as set forth in any one of
claims 1 to 3, wherein said sintered ceramic is an
integrally sintered ceramic body including a plurality
of laminated and sintered ceramic green sheets
each having a coil conductor section of at least one
turn provided thereon.

The monolithic inductor as set forth in any one of
claims 1 to 4, wherein two turns of the substantially
rectangular coil extend from the beginning end to
the terminal end of each coil conductor section.

The monolithic inductor as set forth in claim 5,
wherein a via-hole electrode (11) is provided in the
vicinity of the terminal end (6b) of the upper coil con-
ductor.

The monolithic inductor as set forth in any previous
claim, wherein said coil has a substantially rectan-
gular spiral shape.

A method of manufacturing a monolithic inductor
(20) comprising the steps of:

forming a sintered ceramic body (17); and
forming a plurality of coil conductor sections
(6-10) in said sintered ceramic body including
a plurality of coil conductors, each of which is
wound by at least one turn;

wherein the step of forming the plurality of coil
conductors is performed such that the plurality
of the coil conductor sections are located at re-
spective different vertical positions in said sin-
tered ceramic body, and upper (6) and lower (7)
conductor sections are electrically connected
through via-hole electrodes (11) to define a coll,
a terminal end (6b) of the upper coil conductor
section (6) and a beginning end (7a) of the low-
er coil conductor section (7) are bent inwardly
from the innermost portion of the coil such that
a connecting portion of the coil where the upper
and lower coil conductor sections are electrical-
ly connected through a via-hole electrode is lo-
cated within the innermost portion of the coil de-
fined by the upper and lower coil conductor sec-
tions.

9. The method according to claim 8, wherein the step

of forming the sintered ceramic body (17) includes
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10.

1.

12.

13.

14.

15.

16.

17.

mixing a ceramic slurry made mainly of magnetic
ceramic and molding the ceramic slurry into sheets
(1-5).

The method according to claim 9, wherein the
sheets are substantially rectangular ceramic green
sheets (1-5).

The method according to claim 9 or 10, further com-
prising the steps of forming a plurality of coil con-
ductor sections (6-10) on the green sheets (1-5).

The method according to claim 11, further compris-
ing the steps of stacking the ceramic green sheets
(1-5) and forming via-hole electrodes (11/13) in the
ceramic green sheets and arranging the via-hole
electrodes such that the via-hole electrodes are ar-
ranged to electrically connect the upper and the
lower coil conductor sections (6,7/9,10).

The method according to any one of claims 8 to 12,
further comprising the step of pressing the stack of
ceramic green sheets (1-5) and firing the stack of
ceramic green sheets to form a monolithic ceramic
body (20).

The method according to claim 13, further compris-
ing the step of forming external electrodes (18,19)
on the monolithic ceramic body.

The method according to any one of claims 8 to 14,
wherein said step of forming the plurality of coil con-
ductors is performed such that said coil is a sub-
stantially rectangular coil, and the terminal end (6b)
of said upper coil conductor section (6) and the be-
ginning end (7a) of said lower coil conductor section
(7) are respectively bent in a direction that is sub-
stantially perpendicular to the innermost substan-
tially rectangular coil portion.

The method according to any one of claims 8 to 15,
wherein said step of forming the plurality of coil con-
ductors is performed such that in the outer connect-
ing portion of the coil where the upper (7) and lower
(8) coil conductor sections are electrically connect-
ed, a terminal end (7b) of another upper coil con-
ductor section (7) and a beginning end (8a) of an-
other lower coil conductor section (8) are electrically
connected through a via-hole electrode (12) in the
outermost portion of the coil.

The method according to any one of claims 8 to 16,
wherein said step of forming the plurality of coil con-
ductors is performed such that two turns of the sub-
stantially rectangular coil extend from the beginning
end to the terminal end of each coil conductor sec-
tion and a via-hole electrode is provided in the vi-
cinity of the terminal end (6b) of the upper coil con-



18.

19.
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ductor section (6).

The method according to any one of claims 8 to 17,
wherein said step of forming the plurality of coil con-
ductors is performed such that the connecting por-
tion connected via the electrode is located within the
innermost turn of the substantially rectangular coil.

The method according to any one of claims 8 to 18,
wherein said coil has a substantially rectangular
spiral shape.
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